EFFICIENCY
157
necessarily a very large amount of friction, so that although the mechanical advantage is enormous, the efficiency is often as low as 25%. The differential pulley of Fig. 159 has also a very high mechanical advantage with a very small efficiency. Gear wheels such as those shown in Fig. 157, or chain gears such as those used in bicycles, are machines of comparatively high efficiency, often utilizing between 90% and 100% of the energy expended upon them.
EIG. 172. Overshot water wheel
204.  Efficiency of overshot water wheels.
The overshot water wheel (Fig. 172) utilizes chiefly the potential energy of the water at S; for the wheel is turned by the weight of the water in the buckets. The work expended on the wheel per second, in foot pounds or gram centimeters, is the product of the weight of the water which passes over it per second by the distance through which
it falls. The efficiency is the work which the wheel can accomplish in a second, divided by this quantity. Such wheels are very common in mountainous regions, where it is easy to obtain considerable fall, but where the streams carry a small volume of water. The efficiency is high, being often between 80% and 90%. The loss is due not only to the friction in the bearings and gears (see C), but also to the fact that some of the water is spilled from the buckets, or passes over without entering them at all. This may still be regarded as a Motional loss, since the energy disappears in internal friction when the water strikes the ground.
205.  Efficiency of undershotwaterwheels. The old-style undershot wheel (Fig. 173), so common in flat countries where there
is little fall but abundance of water, utilize^ only the kinetic energy of the water running through the race from A. It seldom transforms into useful work more than 25% or 30% of the potential energy of the water above the dam. There are, however, certain modern forms of
FIG. 173. The undershot wheelrcial block and tackle (Fig. 138), with several movable pulleys, is usually considerably less, varying between 40% and 60%.  In the jackscrew there is, has fallen, we have only to wibstituto for h its value in terms of // and    HUT A" repre.Ment.iii};' in this eimr (.he
